   PROTEIN, FATTY ACID PROFILE AND MICROBIOLOGICAL ASSESSMENT OF CONTAMINATION ROUTE IN TRADITIONAL MILK HANDLING OF COW AND GOAT MILK IN SOUTHWESTERN NIGERIA

Abstract
Milk is a nutritionally complete food pivotal to food security and rural livelihood in Nigeria. Goat milk is valued for its digestibility and nutrient dense, while cow milk remains widely consumed due to production volume. Despite these benefits, traditional handling practice which involve manual milking, use of non-sterile utensils, untreated water, and open-air exposure create significant risks of microbial contamination. This study provides a microbiological assessment of contamination route of cow and goat milk handling in four Local Government Areas (LGAs) of Oyo State: Akinyele, Ido, Ibarapa East and Ibadan North while simultaneously evaluating their nutritional profiles. Samples were collected from milking utensils, water sources and air using WHO recommendation protocols. Protein fractions were determined by Kjeldahl method, fatty acids by soxhlet extraction and gas chromatography and microbial loads by standard plate counts. Statistical analysis employed ANOVA within Duncan post hoc tests at p<0.05. Results showed goat milk constantly contained higher crude protein (4.70-5.15%) compared to cow milk (3.91-3.96%), with more casein, whey, and bioactive peptide fractions. Fatty acid analysis revealed goat milk had higher total fat (up to 4.80%), saturated fatty acids (3.36%) and favorable monounsaturated and polyunsaturated profiles, indicating its better digestibility and functional value. However, microbial contaminations was widespread. Water sources recorded the highest total bacteria counts (up to 4.60 × 105 CFU/mL), followed by utensils and air. Coliforms were detected in all water samples, exceeding WHO’s recommended limit of 0 CFU/100 mL, indicating fecal contamination. Regional disparities were evident: Akinyele LGA exhibited the highest contamination, while Ido LGA showed the lowest, reflecting differences in hygienic practices. The findings highlight the dual reality of cow and goat milk in Nigeria: nutritionally indispensable yet microbiologically hazardous under traditional handlings. This have public health implications with risks of foodborne illnesses. Addressing this challenge requires hygienic training for farmers, provision of clean water and utensils and community-based behavioral change initiatives. Ultimately, safeguarding milk nutritional integrity while reducing microbial contamination is essential for improving dietary quality and protecting consumer’s health in Nigeria’s informal dairy sector.
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Introduction
Milk is a nutritionally complete food, rich in proteins, fats, vitamins and mineral essential for human health. It is a vital source of nutrition and a very vital to food security globally, especially in Nigeria where it supports the livelihoods of millions of people (Ghali-Mohammed et al., 2025).  Cow and goat milk are central to rural diets and economies, particularly among Fulani pastoralists and smallholder farmers. Goat milk is often favored for its digestibility and higher nutrient density especially in magnesium, calcium and zinc compared to milk from other animal while cow milk remains widely consumed due to its availability and volume of production (Mohammad et al., 2023). Despite their nutritional benefits, both cow and goat milk represents an excellent groth medium for many microorganisms which can cause spoilage, contamination or quality decline (Sarkar, 2015). This vulnerability is exacerbated in traditional dairy system, where milk were handled manually, often using non̶ sterile utensil, untreated water and exposed to open air̶ environment. These practices are common in Southwestern Nigeria, where access to a modern infrastructure and hygiene training is limited (Ghali-Mohammed et al., 2025). Contaminated water, aerosols from the environment, packaging materials and equipments used are some of the route for microbial contamination of milk. Most dairy farms used treated manucipal water for cleaning and its microbial quality depend on the efficacy of the treatment.  The risk of milk contamination with spoilage and pathogenic microorganisms is high for milk production in developing countries as their milk production practices is traditional type which lack appropriate hygienic control. In order to protect the raw milk from spoilage loss and consumers from risks associated with milk borne diseases, the availability of information on risk assessment and contaminatin route is essential (Ntuli et al., 2023). Studies have revealed that traditional milk processors, particularly Fulani pastoralists often rely on untreated water and lack of sanitation infrastructure, increasing the risk of contamination with pathogens like E.coli, Staphylococcus aureus and Salmonella spp. which are indicators of fecal contamination and poor sanitation (Ghali-Mohammed et al., 2025). Moreover, due to poor hygienic condition or water source, raw milk and some other dairy products  have been frequently reported to be contaminated  with microorganisms such as Escherichia coli, Staphylococcus aureus, Micrococcus spp. Shigella spp. Salmonella spp. and Klebsella spp. (Afolabi et al., 2017; Adediran et al., 2023). Again, Esherichia coli and Staphylococcus aureus produce potent toxins. Pathogenic Esherichia coli strains generate shiga toxins and heat stable enterotoxins, while S.aureus produces a broad range of toxins including enterooxins and hemolysins (Batoo et al., 2025).
The World Health Organisation (WHO) has emphasized that milk safety is a critical public health concern, especially in informal markets where regulatory oversight is minimal. Their technical presentation on food safety in primary milk production indicates the need for clean equipment, safe water and vertinary oversight to prevent contamination (WHO, 2023).In Nigeria several studies have consistently reported microbial loads in raw milk that exceeded WHO thresholds. Adediran et al. (2023) found high level of total bacterial counts and coliform counts in raw milk samples in dairy farms in Ibadan Metropolis Oyo State, Nigeria. Similarly, Abdulaziz et al. (2023) also found high levels of coliforms and total bacterial count in raw milk samples collected from Wambia market, Kano State, Nigeria. While many studies have examine microbial contamination in Nigerian milk, few have simultaneously assesed the protein, fatty acid profile as well as milk contamination route as well as their As a results of these, the present study aims to evaluate the microbiological assessment of contamination route of cow and goat milk across four Local Government Area in Southwestern Nigeria, which are Akinyele, Ido, Ibarapa East and Ibadan North. By analyzing samples from milking utensils, water sources and air and comparing protein and fatty acid profile, the research provides a comprehensive view of milk safety and quality in traditional handling systems.
MATERIALS AND METHODS
Study Areas
The study was conducted across dairy farms in four Local Government Areas within Oyo State: Akinyele, Ido, Ibarapa East and Ibadan North. One dairy farm was selected from each LGA based on their active dairy farming communities and accessibility.
Study Design
A cross-sectional observational design was adopted to assess microbial contamination risks in traditional milk handling environment. The study focused on evaluating hygienic condition and environmental vectors of contamination of cow and goat milk.
Sample collection
The study adopted a cross-sectional design. Milking utensils were swabbed using sterile cotton applicators moistened with buffered peptone water. Swabs were taken from commonly used milking utensils (Badawy et al., 2022).
Water samples were obtained from water source used for cleaning and milking. Total bacterial count and total coliform counts was carried using plate count agar and MacConkey by pour plate method (Harrigan and McCance, 1966).
Air sampling was conducted by using settle plate technique, where nutrient agar plates were exposed for 30 minutes at the milking areas to capture airborne microorganisms (Olaitan and Muhammad, 2018).
Collection of milk was done in sterile sampling and transported immediately in ice pack for protein and fatty acid analysis (WHO, 2023).
All samples were transported to the laboratory and processed within few hours of collection, following WHO guidelines for microbiological sample handling (WHO, 2023).
Nutritional Analysis
Protein profile
The protein profile was determined using Kjeldahl method adapted by Muhammad et al., (2023).
Fatty acid profile
Fatty acid profile was determined using Soxhlet extraction and gas chromatography by the method adopted by Muhammad et al., (2023)
Microbiological Analysis 
Microbiological analysis involved involve standard plate counts where serial dilution up to 105 where done and plating on nutrient agar for total bacterial count (TBC) and MacConkey agar for total coliform count (TCC). Plates were incubated at 37 ̊C for 24̶ 48 hours. Colony counts were expressed in CFU/mL (Ezugwu and Agbakoba, 2021).
Statistical Analysis
Data were analysed by the use of SPSS version 24 using AVOVA to compare microbiological loads across LGAs and different sample types at significance p˂ 0.05 by the method adopted by Elutade et al., (2023).


Table 1: Protein analysis of raw cow and goat milk
	Cow milk
	
	
	
	
	Goat milk
	
	
	

	Sampling site
	Crude protein (%)
	Estimated casein
(%)
	Estimated whey
(%)
	Others
(peptides, enzymes)
(%)
	Crude 
Protein
(%)
	Estimated casein
(%)
	Estimated whey
(%)
	Others
(peptides, 
enzymes
(%)

	Akinyele LGA
	3.91±0.0a
	3.13±0.0a
	0.78± 0.0a
	0.05± 0.0a
	4.70±0.0b
	3.53± 0.0b
	1.18±0.0b
	0.08± 0.0b

	Ido LGA
	3.91±0.0a
	3.12±0.0a
	0.79± 0.0a
	0.05± 0.0a
	4.70±0.0b
	3.54± 0.0b
	1.17±0.0b
	0.08± 0.0b

	Ibarapa East
	3.96±0.0a
	3.17±0.0a
	0.79± 0.0a
	0.05± 0.0a
	5.15±0.0a
	3.86± 0.0a
	1.29±0.0a
	0.10± 0.0a

	Ibadan North
	3.94±0.0a
	3.15±0.0a
	0.79± 0.0a
	0.05± 0.0a
	5.10±0.0a
	3.83± 0.0a
	1.28±0.0a
	0.10± 0.0a


The above table displays the results as means ± standard deviation. The Duncan Multiple Range Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed significantly from one another down the column at p<0.05








Table 2: Fatty acid analysis of raw cow and goat milk
The above table displays the results as means ± standard deviation. The Duncan Multiple Range   Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed significantly from one another down the column at p<0.05
keys 	
MUFA: Monounsaturated Fat          PUFA: Polyunsaturated Fat
TF: Total Fat                                     SFA: Saturated Fat


	Cow milk
	
	
	
	
	Goat
milk
	
	
	

	Sampling site
	TF
(%)
	SFA
(%)
	MUFA
(%)
	PUFA
(%)
	TF
(%)
	SFA
(%)
	MUFA
 (%)
	PUFA
(%)

	Akinyele LGA
	3.90±0.0b
	2.73±0.0b
	1.09±0.0b
	0.08±0.0b
	4.40±0.0b
	3.08±0.0b
	1.21± 0.0b
	0.11± 0.0a

	Ido LGA
	4.10±0.0b
	2.87±0.0b
	1.23±0.0a
	0.10±0.0a
	4.70±0.0a
	3.29±0.0b
	1.32± 0.0a
	0.09± 0.0b

	Ibarapa East
	4.30±0.0a
	3.01±0.0a
	1.29±0.0a
	0.11±0.0a
	4.80±0.0a
	3.36±0.0a
	1.34± 0.0a
	0.10± 0.0a

	Ibadan North
	4.00±0.0b
	2.80±0.0b
	1.20±0.0a
	0.10±0.0a
	4.30±0.0a
	3.01±0.0c
	1.29± 0.0c
	0.10± 0.0a






Table 3: Comparative microbial load in milking utensil, water and milking surroundings of cow and goat milk farms (106).
	
	Cow farm
TBC
	
	
	Goat farm
TBC
	
	

	Sampling sites
	Milking utensil
	water 
for milking and cleaning
	Milking surrounding
	Milking
 utensil
	water 
for milking 
and cleaning
	Milking surrounding

	Akinyele
LGA
	3.80 ± 0.0a
	4.60 ± 0.0a
	1.10 ± 0.1a
	3.40 ± 0.0a
	4.38 ± 0.0a
	0.09 ± 0.0c

	Ido LGA
	0.12 ± 0.0c
	2.50 ± 0.0c
	0.42 ± 0.0c
	0.17 ± 0.0c
	2.35 ± 0.0c
	0.35 ± 0.0b

	IbarapaEast
LGA
	0.23 ± 0.0b
	3.10± 0.0b
	0.95 ± 0.0ab
	0.26 ± 0.0b
	3.15 ± 0.0b
	0.52 ± 0.0ab

	Ibadan North
LGA
	0.18 ± 0.0bc
	2.20 ± 0.2bc
	0.68 ± 0.0bc
	0.20 ± 0.0bc
	2.4± 0.0bc
	0.59± 0.0a

	
	TCC
	
	
	TCC
	
	

	Akinyele
LGA
	0.25 ± 0.0a
	0.25 ± 0.0a
	0.18 ± 0.0a
	0.21 ± 0.0a
	0.23 ± 0.0a
	0.11 ± 0.0ab

	Ido LGA
	0.00 ± 0.0c
	0.00± 0.0c
	0.10 ± 0.0b
	0.13 ± 0.0b
	0.00 ± 0.0c
	0.07 ± 0.0b

	IbarapaEast
LGA
	0.22 ± 0.0ab
	0.19 ± 0.0b
	0.15 ± 0.0ab
	0.20 ± 0.0ab
	0.12 ± 0.0b
	0.09± 0.0ab

	Ibadan North LGA
	0.14 ± 0.0b
	0.50 ± 0.0ab
	0.08 ± 0.0b
	0.11 ± 0.0b
	0.38 ± 0.0ab
	0.05 ± 0.0b


The above table displays the results as means ± standard deviation. The Duncan Multiple Range Test rating of the post hoc test is shown by the superscripts. While the means with the same superscript were similar, those with different superscripts differed significantly from one another down the column at p<0.05
keys 	
TBC: Monounsaturated Fat          TCC: Polyunsaturated Fat

DISCUSSION
Table 1 shows the protein profile of cow and goat milk from four different Local Government Area in Oyo State. Protein is a critical macronutrient in milk, contributing to its nutritional value and functional properties. In this study, protein analysis showed that goat milk consistently had higher crude protein levels than cow milk across all the four Local Government Area. For instance, Ibarapa East goat milk had 5.15 ± 0.0% crude protein compared to 3.96 ± 0.0% in cow milk. The protein fraction was further partitioned into casein and whey proteins. Estimated casein and whey contents followed similar patterns, with goat milk outperforming cow milk in all LGAs. Casein which constitutes approximately 80% of the total milk protein, plays an important role in calcium and phosphate transport and is essential for infant growth and development. Goat milk exhibited higher casein levels. This revealed its superior suitability for cheese production and infant nutrition.  These findings align with global data on goat milk’s superior digestibility and nutrient density especially in its magnesium, calcium and zinc compoition (Mohammad et al., 2023). Whey protein, including α-lactalbumin and β-lactoglobulin, are known for their high digestibility and immunomodulatory properties. Goat milk again outperformed cow milk in this regard, with whey content reaching up to 1.29 ± 0.0% in Ibarapa East, compared to 0.79 ± 0.0% in cow milk. These proteins are particularly beneficial for individuals with cow milk protein intolerance, as goat milk proteins form softer curds and are digested more rapidly (Ndudi et al., 2024).  The component comprising peptides and enzymes, was also marginally higher in goat milk (0.10 ± 0.0%) than in cow milk (0.05 ± 0.0%). These bioactive peptides have been associated with antimicrobial, antihypertensive, and antioxidant activities, further enhancing the functional value of goat milk (Ghali-Mohammed et al., 2025).
Table 2 shows the fatty acid profile of cow and goat milk from four different Local Government Areas in Oyo State. Milk fat is a complex mixture of triglycerides, phospholipids, and free fatty acids, which significantly influence flavor, texture, and nutritional quality. The total fat (TF) content in goat milk was higher than in cow milk across all LGAs. For example, goat milk from Ibarapa East had a TF of 4.80 ± 0.0%, compared to 4.30 ± 0.0% in cow milk. This aligns with previous findings that goat milk contains smaller fat globules and a higher proportion of short- and medium-chain fatty acids, which are more readily digested and metabolized (Mohammed and Biyabra, 2024). Saturated fatty acids (SFA) constituted the largest proportion of total fat, with goat milk from Ibarapa East showing the highest SFA content at 3.36 ± 0.0%, compared to 3.01 ± 0.0% in cow milk. While high SFA intake has been linked to cardiovascular risks, the specific profile of goat milk—rich in caproic, caprylic, and capric acids—may confer metabolic benefits, including improved lipid metabolism and reduced adiposity (Ndudi et al., 2024). Monounsaturated fatty acids (MUFA), particularly oleic acid, were also more abundant in goat milk (up to 1.34 ± 0.0%) than in cow milk (1.29 ± 0.0%). MUFAs are known to support cardiovascular health by improving lipid profiles and reducing inflammation. The presence of polyunsaturated fatty acids (PUFA), though lower in concentration, is nutritionally significant. Goat milk from Akinyele LGA recorded the highest PUFA content at 0.11 ± 0.0%, slightly higher than cow milk from the same location (0.08 ± 0.0%). The balance of SFA, MUFA, and PUFA in goat milk suggests a more favorable lipid profile, particularly for populations at risk of metabolic disorders. Though, goat milk samples have lower PUFA but higher SFA and MUFA (3.36-3.01 and 1.34-1.21) than cow milk samples (3.01-2.73 and 1.29-1.09). This slightly contradicts the report of Stergiadis et al. (2019). This may be influence by difference in intrinsic species metabolism or season.
Fatty acid analysis revealed higher saturated and monounsaturated fats in goat milk, particularly in Ibarapa East and Ido LGAs. Goat milk from Ibarapa East recorded 4.80 ± 0.0a% total fat and 3.36 ± 0.0a% saturated fat, compared to 4.30 ± 0.0a% and 3.01 ± 0.0a% in cow milk, respectively. These fats are essential for energy metabolism and cellular function. However, excessive saturated fat intake may pose cardiovascular risks, necessitating balanced consumption. The superior protein and fat composition of goat milk underscores its potential as a functional food, especially in nutritionally vulnerable populations. Its higher digestibility, richer amino acid profile, and favorable lipid composition make it suitable for infants, the elderly, and individuals with cow milk intolerance. However, the benefits of these nutrients can be undermined by microbial contamination, as observed in this study. Therefore, ensuring hygienic handling and storage is essential to preserve the nutritional integrity of milk.
In rural Nigerian communities where malnutrition and food insecurity persist, promoting the consumption of hygienically processed goat milk could contribute to improved dietary quality. Public health interventions should thus integrate nutritional education with food safety training to maximize the benefits of traditional dairy products.

Table 3 shows the comparative microbial load in milking utensil, water and milking surroundings of cow and goat milk farms  Milk is a biologically fluid which nature and chemical composition makes it one of the best culture media for microbial growth and multiplication (Woldemariam and Asres, 2017). In traditional dairy systems across Southwestern Nigeria, milk is often handled manually using non-sterile utensils, untreated water, and exposed to open-air environments. These practices significantly increase the risk of microbial contamination (Ghali-Mohammed et al., 2025). The present study revealed that utensil and water for cleaning and milking cow contributed more to microbial contaminant of both cow and goat milk. Cow milking utensils had slightly higher TBC (3.80) than goat goat milking utensil (3.40), therefore indicating differencing in milking routine and herd sizes. For the TCC, there was no significant difference for cow farm and goat milk (0.25-0.00 and 0.21-0.11 respectively). In both cow and goat farm there was no significant difference in the TBC for water use for cleaning and milking (4.60-2.20 and 4.38-2.4 respectively). Similar trends was observed in TCC with the exception of Ibadan North region which have elevated TTC of the milking water from both cow and goat farm (0.50 and 0.38 respectively).This is indicative of faecal indicator organisms and potential pathogen risk if not adequately treated. The TBC from surrounding of most cow farms were higher than the one observed in goat milk surroundings, this may be attributed to more dust load, manure proximity and animal traffic seen in cow farms than goat farms.  These findings are consistent with previous studies conducted in Ibadan and Abuja, which reported elevated microbial loads in raw milk samples from informal markets (Adediran et al., 2023). Coliforms were detected in all water samples used for cleaning and milking, exceeding the World Health Organization’s (WHO) recommended limit of 0 CFU/100 mL (WHO, 2023). Their presence indicates fecal contamination and poor sanitation. Milking utensils also showed significant coliform counts, reinforcing the need for improved hygiene practices. Although airborne transmission was minimal, it still contributed to the overall microbial burden.
The study compared microbial contamination across four Local Government Areas (LGAs): Akinyele, Ido, Ibarapa East, and Ibadan North. Akinyele LGA recorded the highest value for TBC in cow farm was observed in water used for milking and cleaning (4.60). For TCC the highest value was in Akinyele LGA in utensil used (0.25) and water for milking and cleaning (0.25). Similar trend was observed in TBC of utensil and water used in goat farming. In contrast, Ido LGA exhibited the lowest contamination levels, with cow milk utensil TBC (00.0) and water (0.00).Similar trends was also observed in the TCC of the water used in the farm. These disparities may reflect differences in local practices, access to clean water, and awareness of hygiene protocols. This is observed in the high level of hygienic measures put in place by most dairy farmers in Ido LGA compare to most farmers in Akinyele LGA where poor sanitation is observed. This may be potentially due to the prevalence of piles of the animal feces observed in the surroundings, surface runoff contamination or the use of not too clean and old drawer used in drawing water from the well.  Similar regional variations were observed in Northern Oyo State, where poor sanitation in cattle milk processing facilities led to elevated Staphylococcus aureus counts (Ghali-Mohammed et al., 2025). The presence of coliforms and high bacterial loads poses serious health risks, including gastrointestinal infections and foodborne illnesses. Pathogens such as E. coli, Staphylococcus aureus, and Salmonella spp. are indicators of poor sanitation (Afolabi et al., 2017). Inadequate oversight in informal markets exacerbates these risks. A recent study in Wukari, Taraba State, found similar contamination in fermented milk sold by Fulani women, with high levels of E. coli and Staphylococcus aureus (Mohammed and Biyabra, 2024). These findings underscore the widespread nature of microbial hazards in Nigeria’s informal dairy sector.
Water used for cleaning and milking was the most contaminated vector, followed by utensils and air. This pattern mirrors findings from other Nigerian studies, which emphasize the role of untreated water in spreading pathogens (Ntuli et al., 2023) and investigation that revealed high prevalence and diversity of microbial contaminants from been the most contamination route of dairy milk (Velazquez-Ordonez et al., 2019).   Airborne transmission was minimal but still contributed to overall microbial load. The settle plate technique used in this study confirmed airborne microorganisms in milking areas, though at lower concentrations than water and utensils.This findings makes it possible to trace and prevents microbial contamination of milk.







CONCLUSION
This study provides a comprehensive microbiological risk assessment of traditional milk handling practices in Southwestern Nigeria, focusing on cow and goat milk across four Local Government Areas: Akinyele, Ido, Ibarapa East, and Ibadan North. The findings emphasized the dual reality of milk as both a important nutritional resource and a potential vector for microbial contamination when handled under suboptimal hygienic conditions. Nutritionally, goat milk consistently outperformed cow milk in terms of crude protein, casein, whey, and total fat content. The superior protein profile and favorable fatty acid composition of goat milk Characterized by higher levels of digestible casein, bioactive peptides, and medium-chain fatty acids—position it as a nutritionally advantageous alternative, especially for vulnerable populations such as children, the elderly, and individuals with cow milk intolerance. However, the nutritional benefits are undermined by the presence of pathogenic microorganisms, which pose serious public health risks including gastrointestinal infections and foodborne illnesses. The microbiological analysis revealed alarmingly high levels of total bacterial count (TBC) and total coliform count (TCC) in milking utensils and water sources, with most water samples exceeding the World Health Organization’s recommended safety threshold. These results highlight the critical role of environmental vectors—particularly water and equipment—in facilitating microbial contamination. Airborne transmission, while present, was comparatively minimal, suggesting that direct contact and waterborne exposure are the dominant routes of contamination. The study also revealed significant regional disparities in contamination levels, with Akinyele LGA exhibiting the highest microbial loads and Ido LGA the lowest. These differences may reflect variations in access to clean water, hygiene awareness, and infrastructural support. Such findings emphasize the need for localized interventions tailored to the specific challenges and resources of each community. From a public health perspective, the implications are profound. The informal nature of Nigeria’s dairy sector, coupled with limited regulatory oversight, creates an environment where unsafe milk handling practices persist unchecked. The presence of pathogens such as E. coli, Staphylococcus aureus, and Salmonella spp. in milk handling environments calls for urgent action to prevent outbreaks and protect consumer health. In conclusion, while cow and goat milk remain indispensable to food security and nutrition in Nigeria, milking hazard remains critical public health concern because their safety is compromised by traditional handling practices which expose consumers to microbiological risks. The findings from this study serve as a call to action for stakeholders—including government agencies, public health institutions, and community leaders—to invest in sustainable solutions that safeguard both the nutritional value and microbiological integrity of milk. Future research should explore scalable interventions, such as low-cost sterilization technologies and community-based monitoring systems, to enhance milk safety in rural and peri-urban settings.
RECOMMENDATIONS
To address these challenges, a multi-pronged strategy is essential. This includes training programs for pastoralists and smallholder farmers on hygienic milk handling and sanitation, Provision of clean water sources, sterilization equipment, and cold chain facilities, Strengthening regulatory frameworks to monitor and enforce milk safety standards in informal markets, Leveraging local leaders and cultural institutions to promote behavioral change and hygiene awareness, egular health checks for livestock and monitoring of milk quality to prevent zoonotic transmission.
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